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INTRODUCTION 


TEXTILE materials like raw cotton and wool, which are not uniformly and 

quickly wetted under normal circumstances, can be thoroughly wetted by _ 

the action of wetting agents which thus play a prominent part in processes 

like dyeing, finishing and kier-boiling in the textile industry. Hundreds of 

wetting agents are now on the market and several new wetting agents are 

being discovered day to day. The evaluation of a wetting agent has therefore 

become a matter of considerable practical importance. ' 


Several methods! are available for the determination of efficiency of wetting 
agents in industrial practice. These methods however are semi-quantitative 
in character and only serve as a rough guide in textile practice. Theoretically, 
the determination of spreading coefficient of the wetting agent solution on 
the grey yarn should give a precise idea of the wetting power. But the 
measurement of this quantity is beset with many difficulties since the system 
involves solids. Complications due to roughness of the surface® and irre- 
producible kinetic effects and friction effects at the meniscus, render difficult 
to get at an accurate determination of the contact angles in such systems. 
For the evaluation of wetting agents, Cupples® worked out a method based 
on the fundamental similarity between the mineral oil surface and the hydro- 
phabic portion of the inner surface of the grey yarn. His experimental 
procedure however is not satisfactory since he has measured surface tension 
by the ring method without taking necessary precautions.” Rao and Doss® 
have adopted the free lens technique of Langmuir for the purpose. The. 
latter method is very cumbersome. Rao and Doss have however shown 
that the surface tension lowering runs parallel to the wetting power. In the 
present work this fact has been taken advantage of for comparing the 
efficiencies of some of the common wetting agents (pure and commercial) 
and for studying the effect of salts on the wetting efficiency. The surface 





* Pait of thesis submitted by T. K. in partial fulfilment of the requirements for the degree 
of Master of Science in the University of Mysore. 
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tension lowering of five-minute-old surfaces has been determined by the ring 
method taking adequate precautions. A few measurements have also been 
made by the maximum bubble pressure method with a view to investigate 
the suitability of the method for the evaluation of wetting agents. 


EXPERIMENTAL 


The ring method.—The work was mainly on Nekal BX. Its purification 
has been described previously*. The other wetting agents used were 
@ommercial products and were used without purification. 


For determining surface tension the ring method was employed. 
Temperature control was not aimed at, for, very precise measurements were 
not necessary since the aim of the work was only to classify the order of 
efficiency of the wetting agents. The solution under investigation was kept 
in a platinum dish. One advantage in using the dish was that the surface- 
active impurities in it could be completely removed by heating the dish to 
ted heat before each experiment. In all the measurements the maximum 
pull for the five-minute-old surface was taken since it was not very 
convenient to measure the maximum pull more quickly. In every case the 
average of at least three values was taken as the representative value. 


The maximum bubble pressure technique.—The technique introduced by 
Jeger was modified and used in this laboratory for the study of variation 
of surface tension of wetting agent solutions with time. This modified form 
of apparatus was employed in the present work. Air was pumped to the 
dropping tip through a constant head blow off, a drying tower, a buffer bottle 
and a capillary. The air was dried to prevent the condensation of the water 
vapour in the capillary tube and consequent blocking of the passage. The 
buffer bottle was used to check the pulsations in air. The dropping tip 
drawn out of a soft glass tube was washed with chromic acid mixture and 
distilled water. It was vertically fixed to the stand and could be moved up 
and down by means of a screw arrangement. The verticality was tested by 
viewing the tip and its reflection at a mercury surface. The tips used required 
a pressure of about 15 and 13cm. of xylene to force a bubble through water. 
The solution whose surface tension was to be measured was allowed to attain 
a temperature of 30°+0-1°C., immersing the bottle containing the 
solution, in a water thermostat up to its neck and allowing it to remain there 
at least half an hour before the reading was taken. The bottle was then 
taken, opened and brought underneath the tip. The tip was then lowered 
slowly so that it just touched the surface of the liquid. A small length of 
the tip was then made to immerse under the solution by placing the container 
on a glass plate of known and uniform thickness. The pressure was adjusted 
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at the constant head blow off so that every bubble came out at an interval 
of five seconds. The maximum pressure was read out on the xylene mano- 
meter, employing a reading lens. The pressure, corrected for the height of 
the tip below the liquid, was proportional to the surface tension of the solution. 
Since the correction factor was practically equal to unity for a capillary of 
the size employed.* The correction to be applied for the pressure, shown by 
xylene manometer, for temperature fluctuations, was negligible and was 
always less than 0-1 per cent. The apparatus was standardised by taking 
measurements both for water and toluene. The results are noted in Table I, 
the surface tension of water being calculated on the basis of the standard 
value of the surface tension of toluene. 








TABLE I 
Liaui Corrected maximum | Calculated surface Standard value of 
iquid : : ‘ 
| pressure tension surface tension 
| 
Water - 15-03 cm. 71-11 dynes/cm. 71°18 dynes/cm. 
Toluene we 5-77 cm. re 27-30 dynes/cm. 














Preparation of the solutions.—The stock solution was prepared by adding 
a calculated weight of the substance, and was stored in well cleaned jena 
bottles. Less concentrated solutions were obtained by progressive dilution 
on volume basis. The surface tension was measured soon after the solution 
was prepared. The solutions of commercial wetting agents were all pre- 
pared in 0-01 N acetate buffer of pH 3-7, so as to avoid the influence of 
varying pH on wetting efficiency. Measurements were made with purified 
Nekal BX solutions with and without salts. The results obtained by the 
ring method are given in Tables II and III. The results obtained by the 
maximum bubble pressure method are given in Tables IV and V. 


TABLE II 
Surface tension of wetting agent solutions by the ring method 
Age of the surface = 5’; pH 3-7; Temperature 23 +2°C. 
































Percentage Nekal | Cardinol |Ultrawon | Diazo i | Trietha: 
- pon! Igepon Silvatol | Turkey 
of wetting | By | c. A. | WX. | “yp | Surfax I | redoil| 2° 
agent | | amine 
0-4 30-8 30-9 31-8 41-1 30°8 29-7 40-7 38-1 71°6 
0-2 34-9 31-3 32-0 41-6 31-3 | 29-7 40-5 39-7 e 
0-1 39-9 32-3 32-3 41-9 32-0 | 29°3 40-7 41-0 
0-05 45-1 33+4 33+4 42-7 33+2 | 30-3 42-0 42-3 
0-025 50°3 35-9 35°9 43°3 34-8 35-6 50-1 43°5 
0-01 aa me oa a2 39-1 45°5 os 45-3 
0-005 ‘ oa 45-0 x 47-2 



















































TABLE IV 


Surface tension of five-seconds’-old 
surface of Nekal BX solutions 
in 0-01 N hydrochloric acid by 

maximum bubble pressure method 

at 30° C. 


T. Krishnappa and others 


TABLE III 


salt solutions Ring method 


Age of surface = 5’. 





Temperature = 23° C, + 2°C. 


Surface tension of purified Nekal BX solutions in water, acid and 








se le im mer In 0-01 N Commercial 

croemBS) In | oot N lo-oLN | MO:LN In 0-01 N}| BaCl, | In 1-25%| Nekal BX 
m a px | Water |"ac) | waci| Nact BaCl. | + 1+25% | Calgon | solution in 
So a a | ‘ os Calgon water 














0-8 . 30-7 2 mn ar = nA 
0-4 32-4 30-5 31-4 | } 29-4 29-7 29-9 31-2 
0-2 37-2 32-4 34-1 | 29-3 | 29-6 29-7 36-9 
0-1 42-4 | 36-1 38-5 |: 29-9 30-6 | 31-2 42-9 
0-05 | 48:5 | 40-4 | 43-3 | 33-6 ee | 34°5 | 35-1 49-1 
0-025 52-5 | 44-7 48-3 37-9 32-9 | 38-6 | 39-5 he 
0-0! 61-3 49-9 | 54-3 439 38-8 | 44-6 | 45-5 eS 
0-005 | 66-0 | 54-4 | 58-6 48-4 43+7 | 49-0 | 49°7 ‘ 
0-0025 | 69-8 | 350-2 | 63-3 53-1 (4795 54-1 | 54-4 ; 
0-001 wi 68-0 | 69-5 62-4 | 50-2 | 63-3 62-8 a 
: Sete ES | a F . ae 69°7 | 69-7 me 



































Surface tension in dynes 


TABLE V 


Surface tension of five-seconds’-old 
surface of commercial wetting agents 
of 1-0 per cent. solutions in water - 
by maximum bubble pressure 
method at 30° C. 











| 
| 


Surface tension in dyneg 





Percentage per cm, Hi 
concentration if nels ag Name of the Pp 
of Nekal BX wetting agent . 
Tip; Tips Tip, | Tip. 


| 








tee 2 








_— oni a. Surfax ..| 29-80 30+1 
Pe p> hed a Nekal BX | 81-30 31-0 

a . ; Gardinol C.A. .. 36-30 36-0 
0-1000 ‘a ~ 45-5, — Tgepon ‘T ..| 36630 38-8 
ae i os | te Turkey red oil. 38-30 39+4 
ph +a ee Silvatol I - 40-00 39°8 
0-0050 88-6 69-7 Diazopon A | 42-80 43-8 
pe pth ig Ultrawon WX | 47-60 49-8 
0-0010 10-7 10-7 Triethanolamine “| 71 +30 | Tel 















DISCUSSION 


— 












i. Relative efficiencies of some of the common wetting agents.—A study 
of the variation of weiting efficiency cf commercial Nekal BX solution with 
concentration by the apparent density method has revealed that solutions 
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having concentrations higher than 0-2 per cent. have a high wetting power, 
while the wetting efficiency falls off quickly at lower concentrations. 0-2 
per cent. solution of commercial Nekal BX in water was found to have a 
surface tension of about 36-9 dynes per cm. (vide Table Tif). It may there- 
fore be assumed that the surface tension of any good wetting solution should 
be of the order of 37 dynes per cm. or less. Judged from this standard 
Diazopon A and Silvatol I are not sufficiently good wetting agents even at a 
concentration of 0:4 per cent. It may be pointed out in this connection that 
the former product is used maialy as an emulsifier and the latter is used as a 
detergent; thus, good detergent and emulsifying properties are not neces- 
sarily associated with good wetting action. Turkey red oil also has a low 
wetting efficiency in acid medium. Triethanolamine has no wetting pro- 
perties at all in acid medium. Gardinol C.A., Ultrawon WX, Igepon T and 
Surfax are found to be very good \ iting agents and indeed they are much 
better than Nekal BX. Igepon 7 is particularly good in that considerable 
wetting property persists even at low concentrations. These conclusions 
refer to media having a pH otf 3-7. 


2. Effect of salts—The influence of salts on the five-minute values 
of surface tension is interesting. An examination of Table III shows that 
barium chloride is much more effective than sodium chloride in reducing 
the surface tension. This may be due to the Bat+ ions attaching themselves 
to the mono-layer reducing the electrical charge and consequently lowering 
the electrical potential barrier. Hydrochloric acid itself is more effective 
than sodium chloride. This can be correlated with the higher absorbability 
of hydrogen ions.* It is of interest to note that by the addition of sodium 
hexametaphosphate to the Nekal BX solution containing barium chloride, 
the influence of latter is largely annulled. This is evidently due to the removal 
of Ba** ions by the hexametaphosphate (Calgon) with the formation of 
soluble complex. Salts considerably increase the efficiency of wetting 
agents, though a salt by itself has no wetting power. In fact, the commercial 
sample (which contains sodium sulphate) has a higher efficiency than the 
pure sample itself at equivalent concentrations. As has been already pointed 
out, divalent cations are much more effective than univalent ions in increasing 
the wetting power. This fact is of speciat interest from the point of view of 
commercial practice. It is usual in the textile industry to soften-the water 
before use. But our results show that a small degree of hardness is highly 
beneficial to the action of the wetting agent. A similar effect has been 
observed by Kalinor.* It is.important however not to have too high a 
concentration of the divalent cations since they may partially precipitate 
out the wetting agent and thereby reduce the wetting power, 
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3. Maximum bubble pressure method.—Though the maximum bubble 
pressure method has been used by Adam* for studying the variation of 
surface tension with time, it has been shown by S. V. Venkatachala™ that 
the method cannot be adopted for such studies since reproducible values 
cannot be obtained. The irreproducibility is due to the fact that during 
the process of formation of the bubble large irregular changes in the area of 
the surface take place. Venkatachala however observed that if the age of 
the surface was less than 5 seconds the values were fairly reproducible. The 
results got in the present work (Tables [V and V) show that with different 
tips the values of surface tension may sometimes differ by over 8 dynes per 
cm. even when the age of the surface is 5 seconds. This shows that the 
maximum bubble pressure method cannot be used for the measurement of 
surface tension of systems which exhibit a variation with time. A rough 
idea of the order of wetting efficiency of different solutions can however be 
obtained by this method. 


SUMMARY 


The relative efficiencies of some of the common wetting agents have 
been determined by measuring the surface tension of five-minute-old surfaces 
of the solutions using the ring method in a modified form. Aqueous 
solutions giving a surface tension of 37 dynes per cm. may be considered to 
have good wetting properties. It is found that wetting power is not 
necessarily associated with detergent and emulsifying properties. 


Salts greatly increase wetting power. Bivalent cations are more effective 
than univalent cations in increasing wetting power. A moderate degree 
of hardness in water employed in preparing solutions of wetting agents may 
be of advantage in the textile industry. 


The maximum bubble pressure method is shown to be unsuitable for 
the measurement of surface tension of solutions which show a variation with 
time. A rough idea of the order of wetting efficiencies of wetting agents 
can however be obtained by measuring the surface tension of a five-second- 
old surface by this method. 
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DurRING recent years there has been a great revival of interest in surface 
films, in particular those of proteins. The surface behaviour of casein 
is of special interest since it can be studied both by the classical spreading 
method**** and the new surface ageing technique developed by Doss* 
and independently by McBain and Wilson.1* In the present work the spread- 
ing of casein and some of its derivatives on aqueous substrates has been 
investigated. 
EXPERIMENTAL 


1. Preparation of materials.—In some of the experiments casein (Ham- 
mersten) obtained from Kahlbaum was used. Isodisperse casein obtained by 
the method of Svedberg, Carpenter and Carpenter!* was also studied. It was 
prepared as follows, Hammersten casein was extracted at 40° C. for one hour 
with two litres of 70% ethyl alcohol containing one c.c. of N hydrochloric 
acid per litre of alcohol. The extract was centrifuged off from the residue. 
The soluble portion of the extract was reclaimed by precipitation with dilute 
sodium hydroxide and separated from the alcohol using the centrifuge. The 
solid was dried in a vacuum desiccator at laboratory temperature and dis- 
solved in 0-2 N sodium acetate solution. 


2. Formolised casein.—0-05% solution of casein in 0°2N sodium 
acetate was mixed with an equal volume of a 40% solution of formaldehyde. 
The mixture was allowed to stand for three days. 


3. Deaminised casein—Hammersten casein was deaminised according 
to the method of Dunn and Lewis.* 140c.c. of glacial acetic acid were 
added drop by drop, with vigorous stirring, to two litres of a 5% suspension 
of casein in water, the operation lasting two hours. To the suspension, 
500 c.c. of 8% sodium nitrite solution were added drop by drop for 14 hours 
with vigorous stirring. The mixture was allowed to stand for eighteen hours. 
The precipitate of the deaminised protein was filtered, washed with hot 
water untilfree from nitrite and dried in a desiccator over concentrated 


* Part of thesis submitted by G.N.S. in partial fulfilment of the requirements for the 
Degree of Master of Science of the Mysore University, 
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sulphuric acid at the laboratory temperature. The product was light yellow 
in colour but had a tendency to turn brown on exposure to light. It was 
therefore preserved in the dark. A portion of the product was dissolved 
in 0-5% sodium hydroxide. The alkaline solution was deep red. The 
nitrogen content of the solid protein was determined by the Kjeldahl method 
and found to be 14-72% while the Hammersten casein had 15-43%. This 
value corresponds to what was obtained by Dunn and Lewis.* 


4. Sodium metaphosphate-—This was prepared by heating sodium 
dihydrogen phosphate in a platinum dish for cight hours at redness. ‘The 
red-hot dish was carefully quenched in water and the vr metaphosphate 
stored in a dry bottle. 


5. Trichloracetic acid.—Acid of C.P. quality was used. 


The various buffer solutions were prepared from chemicals of C.P. 
quality and the quinhydrone electrode was used to measure their pH. 


27 


THE TECHNIQUE OF SPREADING AND OF THE' MEASUREMENT -OF 
SURFACE PRESSURE ~ 


The essential requirement for the quantitative study of protein films 


is a reliable and reproducible method for the preparation of films. Since 
the proteins are soluble in water, there is always a risk of some of the protein 
entering into the bulk during the spreading process. Several experimenters 
have described in detail the procedure to be followed for spreading in order 
to get reliable results. Gorter and Grendel* forced the solution through a 
capillary kept horizontally and close to the surface. Fourt and Schmidt!@ 
used a micrometer syringe and insisted on the needle being kept just above 
the surface and in contact with it. Neurath” on the other hand, dropped the 
solution from a height of 2-3 mm. from the surface and found that if the 
drops of the solution touched the surface before detaching themselves the 
spreading was incompiete. Hughes and Rideal'® spread gliadin by placing 
the solid protein on the surface and obtained more complete spreading than 
was got by Gorter’s method. The success in the former method is due to the 
fact that the capillary-active’ substances dissolved at a much slower ‘rate, 
at the solid-water interface than at the contour in contact with the water- 
air interface. This method, however, cannot be adopted with casein which 
does not spread in the solid form. Langmuir and coworkers" spread the 
protein by taking its solution in the form of a band on a meta! foil and slowly 
lowering the foil into the substrate. This technique is elegant as it minimises 
the penetration of the spreading solution into the substrate in the process of 
dropping. 


a 
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In our modification of the Langmuir method, two glass strips about 
6” long and 1” wide were coated with paraffin, upto 2” from one end. The 
strips were handled at the paraffined ends only, thereby preventing the transfer 
of surface-active material from the hand to the exposed glass. The bare 
portions were cleaned in warm chromic acid and washed with water. A 
measured quantity of the protein solution was put on one of the strips and 
worked into a thin ribbon with the other strip. The strips were then slowly 
lowered into the surface. 


The surface pressure measurements were made by means of a film 
balance improvised from a Du Nouy tensiometer. The trough was con- 
structed of a beading of glass strips on a glass plate, using high grade paraffin 
from which traces of surface-active impurities had been removed by heating 
with activated silica gel. Praffined glass strips were used as barriers. Metal 
foils, coated with paraffin (in ether solution) prevented the leakage of the 
film to the other side of the float—a paraffined micastrip. Before each experi- 
ment the trough was always tested for contamination. The entire apparatus 
was enclosed in a cabinet, with glass sides. 


RESULTS 


1. Comparison of the two methods of spreading.—A comparative study 


was made of the direct dropping method and the modified band method. 
The results are given in Table I. 


TABLE [| 


A. Spreading of casein (Hammersten) by dropping method on 
0-01 Nhydrochloric acid 


Time allowed for spreading = 1 minute 























‘ Expt. 1 Expt. 2 Expt. 3 
— ” Area in Area in Area in 
apa sq. metres | sq. metres | sq. metres 
acti per mg. per mg. per mg. 
| 
1 | 0-70 0-71 0-68 
2 0-62 0-61 | 0-60 
3: | @a 0-55 0-55 
4 0-55 0-53 0-53 
5 0-53 0-50 | 0-51 
6 | 0-50 0-48 | 0-49 
7 0-48 0:46 0-47 
8 | 0-46 0-44 | 0-45 
9 | 0-44 0-42 | 0-43 
10 | 0-42 0-40 | 0-41 
| 





Average limiting area = 0-61 sq, metres per mg, 
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B. Spreading of Hammersten casein by the modified 
band method on 0:01 N hydrochloric acid 


Time allowed for spreading = 1 minute 











: Expt. 1 Expt. 2 Expt. 3 
— Area in Area in Area in 
p es ein Sq. metres | sq. metres sq. metres 

per mg. per mg. per mg. 

1 1-30 1-25 1-28 

2 1-10 1-16 1-17 

\ 3 1-05 1-1] 1-07 

4 0-98 1-01 1-01 

5 0-95 0-98 0-96 

6 0-92 0-94 0-92 

7 0-88 0-90 0°88 

8 0-84 0-85 0-84 

9 0-79 0-81 0-80 

10 0-75 0:77 0-76 











Average limiting area = 1-19 sq. metres per mg, 


The results show that the modified band method is far superior to the 
dropping method. Spreading by the former method is found to be quick, 
one minute being sufficient for complete spreading. The modified band 
method has therefore been employed in all subsequent work. 


Admixture with ethyl alcoho! has been employed to enhance spreading.** 
The addition of alcohol to the spreading solution primarily helps by reducing 
the surface tension so that the liquid spreads more easily on water. Amyl 
alcohol, known to be more surface-active, can be expected to give better 
spreading of the protein. It has been tried by us, but contrary to expecta- 
tion, the limiting area for casein was found to be only 0-47 sq. metres per mg. 
The cause of this reduction in spreading is not clear. It is probably con- 
nected with denaturation, as can be gathered by the behaviour of denatured 
casein in the following experiment. Casein (Hammersten) was refluxed 
for an hour with absolute ethyl alcohol and dried for 2 hours at 80°. The 
product was insoluble in warm 0-2 N sodium acetate and dissolved only in 
0-5% alkali. Spread from the alkali solution, the denatured casein was 
found to have on 0-01 N HCI substrate a limiting area of 0-84 sq. metres 
per mg. while before denaturation the corresponding value was 1-19. 


2. Effect of neutral salts on spreading of casein.—The influence of salts 
(in the substrate) on the spreading of casein was studied. The results are 
given in Table II, 
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TABLE II 

| {Limiting area 
pH Substrate |in sq. metres 

| per mg. 
2-2 1 N Ammonium sulphate in 0-01 N HCl 1-16 
2-2 1 N Potassium thiocyanate in 0-01 N HCl 1°19 
5-9 0-5 N Barium chloride in distilled water | er 
5°9 | 0-01 N ” ” ” ” 0-88 
8-3 1N ‘a 0-005 N borate buffer 0-99 
8-3 0-05 N j 0-90 


” ” ’ ” 








The results indicate that salts have no appreciable effect on the spreading 
of casein on the acid side of the isoelectric point (pH 4-7). On the alkaline 
side, however, salts do increase the spreading. 


3. Effect of pH on the spreading of casein.—The effect of pH on the 
spreading of the protein has been studied using different substrates. The 
results are given in Table III. 

















TABLE III 
7 : Limiting area 
owec . k 
pont mero pi | Substrate in sq. metres 
per mg. 
ee ee ee es oe | 
1 2:3 0-01 N Hydrochloric acid | 1-16 
30 , Ae 0-01 Ns, ? ; 119 
1 1-2 | 0-1 N _ “3 1-22 
1 4-7 0-005 N Acetate buffer } 0-92 
i a 0-005 N vie | 0-84 
1 5-9 Distilled water 0-74 
30 5+9 | Pi Ji | 0-87 
} 6-9 0-007 N Phosphate buffer | 0°75 
1 8-0 Sodium acetate + alkali 0-62 
1 8-3 0-005 M Borate buffer 0°65 


t 1 








The results show that the limiting area diminishes with an increase in 
the pH. There appears to be an ill-defined minimum in spreading at pH 8-0. 
It is of interest to note that casein does not attain maximum spreading at 
its isoeletric point. .Casein in this respect radically differs from egg albu- 
min*!5 and pepsin.*?. Two factors seem to control the limiting area. The 
extent of spreading itself, is controlled by the charge on the molecules in 
the film. This factor would lead to minimum spreading at the isoelectric 
point, for, the charge on the protein at this pH is minimum. At pH values 
far removed from the isoelectric point, the solubility of the protein is consi- 
derable so that the chances of the added liquid going into the bulk of the 
substrate (instead of spreading) are rendered greater. This factor by itself 
would cause a maximum spreading at the isoelectric point. At any pH 











Spreading of Casein and Derivatives 13 


therefore one has to consider the effect due to both these factors. When 
the solubility effect becomes predominant there is maximum spreading at 
the isoelectric point. The increase in film areas on the highly acid side may 
be caused by the ionisation of the polar groups of film molecules. Ionisation 
of the end groups brings into play repulsive forces between the molecules 
and enhances the spreading. With casein the solubility effect seems to be 
relatively unimportant in acid solutions, but the effect is prominent in neutral 
and alkaline solutions. This explains why in the spreading of casein on an 
acid substrate, salts have no effect, while they have a marked effect in the 
case of a neutral or an alkaline substrate. 


4. Effect of formaldehyde on the spreading of casein.—The spreading 
of solutions of casein treated withformaldehyde (for three days) has been 
studied. The results are given in Table IV. 








TABLE IV 
|Limiting area for the | Limiting area 
pH normal casein for the formo- 
lin sq.,metres per mg. lised casein 
2°3 1-19 | 0-60 
54 on | 0-52 
8-3 | 0-65 | 0+43 


| 


Formaldehyde therefore diminishes the spreading. The influence of 
pH on spreading is also less. The decrease in spreading may be due to the 


formation of methyleneimino-compounds in which two molecules of the 
protein take part.’ 





5. Effect of sodium metaphosphate and of trichloracetic acid on spread- 
ing.—These two reagents are known to coagulate proteins in solution. The 
effect of these two substances has therefore been studied. The results are 
given in Tables V and VI. 


A large reduction in spreading is noticed with the metaphosphate. It 
is known that metaphosphates form a complex between two amino groups. 
Complex formation is probably responsible for the lateral contraction of 
the film. -Trichloracetic acid is without any effect on spreading. This may 


be correlated with the fact that 0-5% trichloracetic acid does not preceipitate | 


casein. 


6. Spreading of deaminised casein.—The behaviour of deaminised 
casein is of great interest, as the film on dilute hydrochloric acid (pH 2-0; 3-0 
and 4:0) collapses with time. AtpH 2-2, the initial area of the film at a 
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TABLE V TABLE VI 
Effect of metaphosphate Effect of trichloracetic acid 
% concentration) Limiting area % concentration) Limiting area 
PH of meta in sq. metres H* of trichloracetic] in sq. metres 
phosphate | per mg. acid per mg, 
} 
1-2* 0-02 0-60 , . 
pa 0-02 | 0-70 2+3 0-5 1-19 
e 2-3* 0-005' | 0-84 e . . 
2.3° 0-0002 | 1-10 2-3 0-05 1-18 
4- 0-02 0-93 ‘ " > 
Ph | 2°3 0-005 1-19 
buffer) 
i 
*The pH was adjusted by adding the neces- 








*pH was adjusted by adding hydrochloric sary quantity of HCl. 
acid, 


pressure of one dyne per cm. is of the same order as that for Hammersten 
casein (13,000 sq. cm. per mg.). The limiting area however could not be 
determined as the film collapsed quickly at higher pressures. No film of 
deaminised casein could at all be got on distilled water. 


7. Spreading of isodisperse casein.—Isodisperse casein prepared accord- 
ing to the method of Carpenter!* is interesting since it has been shown to be 
a definite chemical individual with a molecular weight of 375,000. Table 
VII shows the behaviour of this protein on spreading. 








TABLE VII 
Time allowed for spreading = | minute 
H Area in sq. metres | Area per molecule 
P per mg. in sq. A units 
1-2 1-20 75,000 
2°3 1-09 68,000 
4°8 0-92 57,000 
5°9 0-72 45,000 
6-9 0-77 48,000 











It is seen from Tables III and VII that isodisperse casein has the same 
spreading characteristics as the Hammersten casein. 


SUMMARY 


1. Casein has been spread from its aqueous solutions by different 
methods and it has been found that the modified band method is the most 
suitable for the study of protein films. 
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2. Effect of salts on the spreading of casein has been studied. The 
results obtained can be explained on the basis that two different factors, 
solubility and the electric charge of the protein molecule influence spreading. 


3. Treatment of the protein with formaldehyde causes a decrease in 
spreading. Change in pH affects spreading of formolised casein to a smaller 
degree. 


4. Sodium metaphosphate diminishes markedly the spreading of casein. 
Trichloracetic acid, however, has no effect. 


5. Deaminisation of casein alters the spreading properties and gives 
unstable films on acidulated water. No films can be got on distilled water. 


6. The spreading properties of an isodisperse fraction of casein have 
been studied. The limiting area of this fraction has been found to be of the 
same order as that of the original material. 
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In the previous parts Neelakantam, et al.! showed that solutions of many 
compounds containing the o-hydroxy-carbonyl group in concentrated 
sulphuric acid, when treated with boric acid, developed a marked fluorescence 
if originally non-fluorescent, or exhibited a marked intensification of the 
fluorescence already present. This ‘ Fluorescence Effect’ was noticeable 
in some cases*in daylight but generally only under filtered U.V. light. This 
remarkable behaviour was found to be quite characteristic of such molecules, 
and among the large number and wide variety of compounds already 
examined, there were only two exceptions which gave a positive reaction in 
the absence of this group. It was also found that the introduction of the 
bathofloric bromine into the molecule of the compound did not lead to 
negative results in:all cases. It was, however, noted that while a positive 
teaction indicated the presence of the ortho-combination of the groups, the 
converse was not true. With the introduction of the bathofloric nitro-group, 
the ‘ Fluorescence Effect,’ with boric acid also disappeared, while sulphonic 
group enhanced the effect. , 


In the light of the previous work it is of considerable interest to investi- 
gate the effect of introducing the bathofloric azo-group, by coupling the 
o-hydroxy-carbonyl compounds with diazonium salts, on the Fluorescence 
Effect with boric acid.. Such an investigation was regarded of value for 
two reasons, viz.:—(a) it would throw light on the scope of the test for 
detecting the group in molecules of such great tinctorial powers as the azo-dyes 
are; and (b) as a necessary extension of these investigations whose primary 
object was the development of suitable reagents for the detection and deter- 
mination of boric acid. In the course of investigations already reported, 
resacetophenone was found to give the best results in the test and was there- 
fore suggested for the detection of micro-quantities of boric acid by a 
fluorescence reaction under filtered U.V. light.2. The utility of this reagent 
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is limited by the fact that the fluorescence in presence of boric acid is excited 
only under U.V. light. A reagent which yields similar results in daylight 
would indeed be very useful for the detection and should also prove of value 
for the determination of boric acid. 


A large number and variety of azo-dyes can be prepared from aniline 
itself by diazotising and coupling with different o-hydroxy-carbonyl com- 
pounds, and by using other amines, an enormous number of compounds 
can be produced. The present investigation, however, has been limited to 
seven of the commercial azo-dyes derived from salicylic acid, samples of 
which were available, and twenty azo-dyes which were synthesised for the 
purpose. Azo-dyes derived from salicylic acid have received special atten- 
tion in this investigation for two reasons, viz.:—(a) it is a typical o-hydroxy- 
carbonyl compound which is commonly available; and (6) it is specially 
characterised by a marked ability to fluoresce when compared with other 
compounds of the same group. In strongly alkaline and concentrated 
solutions salicylic acid exhibits a deep violet fluorescence visible in daylight 
itself and very prominent under filtered U.V. light. In concentrated sulphuric 
acid solutions, the acid is non-fluorescent in daylight but strongly fluoresces 
in filtered U.V. For purposes of comparison eight azo-dyes which contained 
one or more phenolic hydroxyls, but the o-hydroxy-carbonyl group was 
absent, were synthesised. 


TABLE I 





| 

| Fluorescence (U.V.) 

No. Azo-dye Remarks 
| 





With boric 
Blank acké 





1 | ChrysamineG. 





fluorescence difference quite prominent. 

oS Pale brownish yellow solution; pale 
orange with boric acid; fluorescence 
difference quite proninent 

Pale reddish brown solution; yellowish 
brown with boric acid; fluorescence diffe- 
rence quite prominent 





2 | Cotton yeollw, GI. 


Pale rose | Deeper Pink solution ; deeper with boric acid; 
| Pale pink 

{ 

| 


| 
3 | ” R. | 
| | 


~ 
Zz 


Diamine brown M. Nil Pale blue solution ; with boric acid pale 
| violet 
5 ” green B. | “ | ‘i Pale blaish violet solution; deeper with 
| boric acid 
| ’ 


6 | Diamond black F. 
green | acid lighter in shade; fluorescence not 
marked 

Deeper Pale yellow solution ; with boric acid no 


change; fluorescence difference not 
marked 


| Very pale ; Pale bluish green solution; with boric 
| 
q Wi: green B. Pale iia 
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EXPERIMENTAL 


Azo-dyes.—The azo-dyes were prepared in the usual manner by diazo- 
tising the amine and adding the solution gradually to an alkaline solution 
of the coupling component. The reaction mixture was kept distinctly 
alkaline and left over-night. The solution was then acidified and heated 
to boiling. The precipitated dyes were filtered and crystallised generally 
from aqueous alcohol and in a few cases from water. The dyes were charac- 
terised by their colour and melting points. They generally sintered several 
degrees below the temperature at which they finally melted and it is the latter 
temperatures that are recorded in the table. 


Fluorescence Test.—The solutions were prepared and the tests carried 
out exactly as described in the previous communications. When the solutions 
in sulphuric acid were strongly coloured, they were diluted until pale in 
colour. 


As the source of U.V. a mercury are enclosed ina cabinet provided with 
an U.V.-filter which transmitted mostly in the U.V. and a little in the violet- 
blue region was employed. 

RESULTS 


The results are recorded in three tables given above, commercial samples 
in Table I and the prepared dyes in Table II. Compounds included in both 
tables contain the o-hydroxy-carbonyl group. For comparison, the results 
obtained with dyes in which this group is absent are given in Table III. With 
the exception of ‘Magneson’ (p-nitrobenzene-azo-resorcinol, B.D.H. 
sample), the dyes included in the table were also prepared for this investigation. 


DISCUSSION 


It is well known that while the azo-group is bathofloric, it does not des- 
troy the ability to fluoresce completely, as does the nitro-group, but weakens. 
It can be seen from the data presented above, that several dyes of the azo- 
group fluoresce, though weakly, in concentrated sulphuric acid solution under 
ultra-violet light. On the addition of boric acid, however, the intensification 
of fluorescence does not occur in all cases, but there are several examples 
in which it does (cf. Tables I and II). A positive result in the fluorescence 
test appears to be independent of the ability of the parent molecule to 
fluoresce in solution and no generalisation with regard to the influence of 
substituents is at present possible. It is, however, remarkable that though 
negative results have been recorded in the test with boric acid with several 
molecules which contained the o-hydroxy-carbonyl group, no positive result 
was obtained in the absence of this group as can be seen from Table III. 





22 K. Neelakantam and M. V. Sitaraman 


It is evident that the boric acid test for the o-hydroxy-carbonyl group 
is also applicable to the azo-compounds. However, negative results are 
obtained more often with the azo-dyes than with the o-hydroxy-carbony; 
compounds from which they are derived. It may also be pointed out that 
the results are similar to those obtained with the brominated compounds 
already reported. Thus it is clear that while a positive result confirms the 
ortho-orientation of the hydroxy and carbonyl groups, a negative result 
does not prove the contrary. 


With regard to the second object of this investigation, it may be stated 
that only the o- and p-hydroxy-benzene-azo-salicylic acids gave fluorescence 
effects with boric acid approaching those with resacetophenone. These 
compounds do not possess any special advantages over resacetopherone 
as reagents for the detection of boric acid. 


CONCLUSION 


The introduction of the azo-group into the molecule of an o-hydroxy- 
carbonyl compound does not invariably produce a negative result in the 
fluorescence test with boric acid carried out under filtered U.V. light. Fluo- 
rescence intensification on the addition of boric acid is observed in several 
cases, though there is a marked diminution in the intensity of the effect when 


compared wit? the parent o-hydroxy-carbonyl molecule. 


The fluorescence test for the ortho-orientation of the hydroxyl and 
carbonyl groups is also applicable to the azo-dyes but a negative result does 
not prove the contrary. 
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From the experiments described in Part I? it could be surmised that patuletin 
is the 6-methyl ether of quercetagetin. Confirmation of this constitution 
appeared to, depend on the discovery of a new method of synthesis of the 
flavonols of the quercetagetin series. 


Two flavonols with the 5:6: 7-arrangement of hydroxyl groups are 
known to occur in nature. The first is quercetagetin which is present partly 
free and partly as its glucoside, quercetagitrin, in the flowers of Tagetes 
erecta. The second is nor-tangeretin occurring as its pentamethyl ether, 
tangeretin, in the peels of Tangerine oranges. The former was synthesised 
by Baker, Nodzu and Robinson.? The main stages of their synthesis are 
given below: 





. an. We 
\/ 
CH 30-/ ‘yon ae oe 
i a pie ee, 
-CO-CHg’ Bee i —— pm 
a bv | we 
, 
cmo-(/ » | DP ws, HO— mf) yo 
cw) OO 108 
Ri ms aun 
(IV) (IX) 


When the ketone (II) is heated with a mixture of veratric anhydride 
and sodium veratrate, the pyrone ring may close in either of two ways, but 
the closure was found to take place exclusively in one manner yielding 
quercetagetin-pentamethyl ether. The other alternative would have re- 
sulted in the formation of gossypetin derivative but this did not happen. 
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Tangeretin (IV) was obtained by Goldsworthy and Robinson® in a similar 
way using sodium anisate and anisic anhydride. 


Though the above is an excellent method and works satisfactorily, it is 
not suitable for the present purpose. It yields only 6: 7-dimethoxy com- 
pounds; a 5:7 combination of methoxyls with the 6-hydroxyl free is 
desirable. Further, the synthesis of 4: 5-dimethoxy-resorcinol (I) starting 
from guaiacol is rather tedious as a large number of stages are involved. 
Consequently a different, and if possible, simpler scheme for the synthesis of 
quercetagetin and its analogues which may eventually lead to the establish- 
ment of the constitution of patuletin had to be sought. The following is 
one such: 


cH,o- \-oH er 


—CO-CHy OCH, HO-- 


\ | 
em ee 
fe) __OCH; 
cHo— y \ <__Docts 
wo A room 
| co 


OCH, 
(VII) 


—OH 











~—CO-CH,*OCHy 











O __OCHs O ___OH 
Ty “<r 
nat a, alanis anit. de 

| co | co 
OCH, OH 


(VIil) (IX) 


w:4:6-Trimethoxy-phloroacetophenone (V) was obtained in the 
past by the alkaline degradation of the methyl ethers of flavonols® like 
quercetin but it does not seem to have been produced synthetically. It has 
now been prepared by two methods. The first starts from the dimethyl 
ether of phloroglucino! (X) which is condensed with methoxy acetonitrile. 
Two products are possible and were actually isolated in equal amounts in 
the analogous case involving acetonitrile. But here, ketone (V) is obtained 
as predominantly the main component. The mixture could be easily 
separated since the para-hydroxy isomer (XI) is soluble in aqueous sodium 
carbonate and the ortho-hydroxy compound (V) is not soluble in it. 
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OCH, OH 
(XI) (XII) 

The second method which is rather more convenient converts phloro- 
glucinol directly into w-methoxy-phloracetophenone (XII) which is then 
subjected to partial methylation with the required quantity of dimethyl 
sulphate and potassium carbonate in benzene-acetone solution to form the 
w-4: 6-trimethyl ether (V). 


Oxidation of the trimethyl ether (V) with alkaline potassium per- 
sulphate takes place fairly smoothly to yield the di-hydroxy compound (VI). 
The constitution of this product is not only based on well-established analogy 
but is also supported by its properties. It does not give a precipitate with 
neutral lead acetate which is an indication that the hydroxy groups are not 
ortho to each other but para. A more definite support is its smooth con- 
version into quercetagetin-pentamethyl ether (VII) by fusion with veratric 
anhydride and sodium veratrate. Further methylation of (VII) yields the 
hexamethyl ether (VIII) and demethylation yields quercetagetin (IX) both 
of which have been compared and found to be identical with authentic 
samples.? Thus the suitability of the proposed synthetic method has been 
established. It is found to be quite convenient and easy to carry out and 
provides an intermediate compound with the 6-hydroxyi free. 


Using anisic anhydride and sodium anisate for condensation with the 
ketone (VI) and by subsequent methylation tangeretin’ (IV) has been obtained. 
The method has also been applied for the synthesis of the two remaining 
members of this flavonol series which have not yet been discovered in nature 
but which probably occur in the plant kingdom; 6-hydroxy-galangin or 
3: 5:6: 7-tetrahydroxy-flavone (XIII) is the lowest member and 6-hydroxy- 
myricetin or 3: 5: 6: 7: 3’: 4’: 5’-hepta-hydroxy-flavone (XIV) is the highest. 
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It may also be mentioned here that the dihydroxy-ketone (VI) on careful 
partial methylation using one molecular proportion of dimethyl sulphate and 
potassium carbonate in benzene-acetone medium yields a tetra-methyl ether 
which is found to be identical with quercetagetol tetramethyl ether® (XV) 
obtained by the alkaline degradation of hexamethy] ether of quercetagetin 
(VIII). Thus this constitutes the first synthesis of quercetagetol tetramethyl 
ether. Its condensation with benzoic anhydride and sodium benzoate did 
not proceed smoothly and yield the expected 3: 5: 6: 7-tetramethoxy flavone 
(XVI). The reaction seemed to be accompanied by some amount of de- 
methylation of the 5-methoxyl group and the product was a mixture giving 
appreciable ferric chloride colour. Further methylation, however, yielded 
a pure sample of the tetramethyl ether (XVI). It may be mentioned in this 
connection that in several experiments on the Allan and Robinson conden- 
sation of the ketone (VI), the products gave appreciable colour with ferric 
chloride, indicating slight demethylation, though this was not obvious from 
the analytical results. In several other experiments, the products did not 
yield such colour with ferric chloride, and it could, therefore, be inferred 
that pure samples with 6-hydroxyl alone do not give this colour. 


EXPERIMENTAL 
w: 4: 6-Trimethoxy-2-hydroxyacetophenone (V): 


(i) Condensation of dimethyl ether of phloroglucinol with methoxy- 
acetonitrile.—Dimethy] ether of phlorogiucinol (X) was prepared according 








xy- 
ing 
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to the method of Pratt and Robinson. The dimethyl ether (5-0g.) was 
condensed with methoxy-acetonitrile (5c.c.) in anhydrous ether (50c.c.) in 
presence of fused zinc chloride (1-0 g.) by saturating the solution with dry 
hydrogen chloride at 0°. The ketimine hydrochlorides separated out on 
the sides of the flask even during the first hour. After passing the current 
of hydrogen chloride for an hour after saturation, the flask was left in the 
refrigerator. After three days, the ether was poured off and the mixture of 
ketimine hydrochlorides was washed with dry ether (50 c.c.). 


A separation of the ketimine hydrochlorides depending on the different 
rates of hydrolysis was attempted but it was not successful. The whole of 
the solid was treated with 50c.c. of water, heated over a water-bath for a 
few minutes and quickly cooled. No solid separated out. Therefore, more 
water (50c.c.) was added and the solution kept in a boiling water-bath for 
45 minutes. On cooling, a heavy oil separated out which did not solidify 
even after keeping for some hours in the ice-chest. It was therefore extracted 
with ether. A dark reddish brown resinous mass (0-8 g.) was left behind 
being insoluble in ether. This was rejected. The ether layer was extracted 
thrice with aqueous sodium carbonate (5%). 


On evaporating the ether layer, a light yellow oil was obtained which 
crystallised readily on scratching with a glass rod. It was crystallised twice 
from alcohol when w: 4: 6-trimethoxy-2-hydroxy-acetophenone (V) was 
obtained as colourless transparent prisms melting at 103-04°. The melting 
point recorded in the literature® for hydroxy-fisetol-trimethyl ether is 
102-04°. Yield, 1-8g. [Found: C, 58-5; H, 6-3. C,,H,,O, requires 
C, 58-4; H, 6-2%.] 

When the sodium carbonate extract was acidified a dark resinous mass 
was obtained in smal! yield. It was filtered and crystallised from alcohol 
containing acetic acid. On cooling, most of the resin came down as a dark 
amorphous powder which was filtered and rejected. From the filtrate by 
careful dilution with water a small quantity (O-lg.) of the isomeric 
w: 2: 6-trimethoxy-4-hydroxy-acetophenone (XI) was obtained. It was 
crystallised once again from alcohol from which it came out as flat needles 
and rectangular plates melting at 259-60°. It did not give any colour with 
ferric chloride in alcoholic solution. [Found: C, 57:9; H, 6-3. (C,,H,,0, 
requires C, 58-4 and H, 6-2%.] 


(ii) Partial methylation of ie (XII).—w- 
Methoxy-phloroacetophenone’ (4 g.) was dissolved in a mixture of anhydrous 
acetone (30c.c.) and anhydrous benzene (90c.c.) and the-resulting solution 
was refluxed on a water-bath with freshly ignited potassium carbonate (10 g.) 
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and dimethyl sulphate (3-9c.c.). After refluxing for twelve hours the potassium 
salts were separated by filtration and washed thrice with warm benzene. 
The filtrate was extracted with aqueous alkali (5%) four or five times. On 
acidification, the alkali extract deposited the required w: 4: 6-trimethoxy- 
2-hydroxy-acetophenone (V), the melting point being 98-100°C. When 
crystallised twice from alcohol, it was obtained as big colourless transparent 
prisms melting at 103-4°. Yield, 2:75g. It dissolved in aqueous alkali 
yielding a pale yellow solution and with neutral ferric chloride a reddish 
brown colour was obtained in alcoholic solution. 


The potassium salts from a number of methylations were collected, 
dissolved in water and acidified with strong hydrochloric acid. The turbid 
solution was extracted repeatedly with ether and the ether extract was shaken 
several times with sodium carbonate solution. After separating the ether 
layer, the carbonate extract was acidified when a pale rose coloured solid 
(0-5 g.) was obtained. It crystallised from hot water in the form of colour- 
less long prismatic rods melting at 208-10°. [Found: C, 56:7; H, 6:2; 
C,oH,,0, requires C, 56-6 and H, 5-7%]. It gave a pink colour when 
treated with ferric chloride in alcoholic solution. It was soluble in aqueous 
sodium hydroxide and sodium carbonate and was obviously a dimethyl 
ether. Its exact constitution is not yet determined. 


w-4 : 6-Trimethoxy-2 : 5-dihydroxy-acetophenone (VI) : 


To a mechanically stirred solution of w-4: 6-trimethoxy-2-hydroxy- 
acetophenone (V) (3-3 g.) in aqueous sodium hydroxide (50c.c., 5%) kept 
at 15-20°, a solution of potassium persulphate (4-0 g. in 50c.c. of water) 
was added slowly during the course of 3 hours. The solution was allowed 
to stand for 20 hours and then rendered neutral to litmus with dilute hydro- 
chloric acid. On stirring and scratching the sides of the container with a 
glass rod, the unreacted ketone (0-8 g.) separated out. It was filtered off 
and the yellowish orange filtrate treated with concentrated hydrochloric 
acid (15c.c.). It was then heated on a steam-bath for 15 minutes and while 
still hot filtered through a bed of animal-charcoal under suction. On cooling 
the clear orange coloured filtrate, it deposited a black resinous material which 
was separated by decanting the clear supernatant liquid. The required 
product slowly came out as shining bright yellow crystals when the decanted 
liquid was kept overnight in the ice-chest. It could also be extracted with 
ether. Repeated extraction with ether (six to eight times) was found 
necessary and in this case the yield of the oxidation product was better. It 
was crystallised twice from hot water using animal-charcoal, when it was 
obtained as bright yellow shining rhombohedral plates melting at 135-136°. 
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Yield, 0-8g. [Found: C, 54-8; H, 6:0; C,,H,,O, requires C, 54-6 and 
H, 5:8%.] It dissolved in aqueous alkali forming a bright yellow solution 
which gradually turned orange-red. In alcoholic solution, a transient green 
colour was obtained with ferric chloride. It did not give any precipitate 
with neutral lead acetate. 


w-4: 5: 6-Tetramethoxy-2-hydroxy-acetophenone : (Querecetagetol-tetramethyl- 
ether) (XV): 


A solution of dry w: 4: 6-trimethoxy-2: 5-dihydroxy-acetophenone (VI) 
(0-5 g.) in anhydrous benzene (50 c.c.) was treated with dimethyl sulphate 
(0-25 g. in Sc.c. of benzene) and freshly ignited potassium carbonate (1-0 g.). 
After refluxing on the water-bath for ten hours, the benzene solution was 
filtered and the potassium salts washed thrice with warm benzene (15 c.c.). 
The benzene filtrate was repeatedly extracted with aqueous sodium hydroxide 
(5%). On acidifying the alkali layer with hydrochloric acid, the solution 
became turbid and did not deposit any crystals. It was, therefore, left over- 
night in the refrigerator. A pale red crystalline solid was deposited which 
was filtered; it crystallised from hot water as colourless long rectangular 
plates melting at 77-78°. A second crystallisation from hot water did not 
raise the melting point. Yield, 0-25g. It did not depress the melting point 
of the ketone obtained by the alkaline degradation of the hexamethyl ether 
of quercetagetin.® Both give the same brown colour reaction with ferric 
chloride in alcoholic solution. The synthetic product is therefore identical 
with quercetagetol-tetramethyl ether. [Found: C,.56°6; H, 6:6; C,.H,,O, 
requires C, 56-3 and H, 6:°3.] , 


The fully methylated ketone (pentamethyl ether) could be obtained as 
a pale yellow oil in a small quantity on evaporating the benzene layer. But 
it was not further investigated. 


3: 5: 7-Trimetho:-y-6-hydroxy-flavone : 


An intimate mixture of w: 4: 6-trimethoxy-2: 5-dihydroxy-acetophenone 
(VI) (1:0 g.), benzoic anhydride (9-0 g.) and sodium benzoate (3-0 g.) was 
heated under reduced pressure at 180-90° for five hours. The mixture 
first fused and then solidified. The crust was broken by means of a glass rod 
and refluxed with 30c.c. of alcohol for 15 minutes. The hot solution was 
then treated with alcoholic potash (30c.c. containing 6g. of potassium 
hydroxide) and the refluxing continued for 25 minutes more. After removing 
the alcohol under reduced pressure, the dark brown residue was dissolved in 
water (150 c.c.) and saturated with carbon dioxide. A dark brown precipi- 
tate settled down. It was found advantageous to ether extract the solution 
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along with the precipitate instead of filtering, as the ether extracted only the 
desired flavone and not the accompanying resinous impurities. On removing 
the ether by evaporatation, the flavone separated out in the form of a pale 
yellow crystalline compound which was crystallised twice from alcohol. The 
3: 5: 7-trimethoxy-6-hydroxy-flavone was obtained in the form of elongated 
rectangular prisms (rods) which sintered slightly at 162° and finally melted 
at 170°. A third crystallisation was also done but there was no change in 
its behaviour on heating. Yield,0-4g. [Found: C, 66-0; H, 5-0; OCH;, 
27-3; CysH gO, requires C, 65-9; H, 4-9 and OCH;, 28-3%]. In concen- 
trated sulphuric acid, it dissolved yielding a pale yellow solution with no 
fluorescence. 


3: 5:6: 7-Tetra-methoxy-flavone (XVI): 


First method.—A_ solution of 5:7: 3-trimethoxy-6-hydroxy-flavone 
(0-1 g.) in anhydrous acetone (30c.c.) was treated with dimethyl sulphate 
(0-3 c.c.) and anhydrous potassium carbonate (1-0 g.) and the mixture was 
refluxed for 12 hours. The potassium salts were then removed by filtration 
and washed with warm acetone (i5c.c.). On evaporating the acetone 
filtrate, a light reddish oily residue was left behind. It was treated with 
dilute alcohol (3c.c. 1:1) and left in the ice-chest overnight. A white 
crystalline compound separated out. It was filtered and crystallised from 
ethyl acetate. The tetramethyl ether was obtained as colourless flat needles . 
and rectangular plates melting at 110-11°. [Found C, 66:9; H, 5-7; 
C,,H,,O, requires C, 66-7; and H, 5-3%.] 


Second method.—Quercetagetol-tetramethyl-ether (XV) (0:5 g.) was 
condensed with benzoic anhydride (1:5g.) and sodium benzoate (0-5 g.) 
and the excess of the anhydride decomposed by heating with alcoholic potash 
(8%, 25c.c.). When the alcohol was distilled off under reduced pressure 
and the residue treated with water a pale yellow crystalline powder was left 
undissolved. It was filtered and washed with water and crystallised from 
alcohol. Though it was crystalline in appearance it did not have a sharp 
melting point and it gave a greenish-brown colour with alcoholic ferric 
chloride. Further crystallisation did not effect any improvement and the 
substance seemed to be a mixture arising probably out of partial demethyla. 
tion in the 5-position during the Allan-Robinson condensation. It was 
therefore methylated with dimethyl-sulphate and potassium carbonate in 
acetone medium. This product crystallised readily from ethyl acetate as 
colourless flat needles and was found to be identical with the tetramethoxy 
flavone described in the above experiment. 
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3: 5: 6: 7-Tetrahydroxy-flavone : 6-hydroxy-galangin (XIII) : 


The 3:5: 7-trimethoxy-6-hydroxy-flavone (0-2g.) was demethylated 
by refluxing a solution of the flavone in acetic anhydride (3 c.c.) with hydriodic 
acid (d. 1-7, 5c.c.) for 2 hours. The solution was then diluted to 25 c.c. 
with water and saturated with sulphurdioxide when a pale orange-yellow 
precipitate separated out. It was crystallised once from alcohol and twice 
from ethyl acetate, when the 5: 6: 7-trihydroxy-flavonol was otbained in 
the form of broken plates. It sintered at 240° and melted completely at 
251-3°. Yield, 50mg. [Found: C, 62:5; H, 3-9; C,sH,,O, requires 
C, 62-9 and H, 3-5%]. 


In alcoholic solution, the flavonol gave a dark olive green colour with 
ferric chloride. It did not exhibit any fluorescence either in alcoholic or 
sulphuric acid solution. By acetylation with acetic anhydride and sodium 
acetate the acetyl derivative was prepared. It crystallised from ethyl acetate 
in the form of spear-heads and melted at 186-88° with slight sintering at 
182°. 


3:5: 7: 4'-Tetramethoxy-6-hydroxy-flavone : 


This compound was obtained by condensing w: 4: 6-trimethoxy-2: 5- 
dihydroxy-acetophenone (VI) (1-0g.) with anisic anhydride (12-0g.) and 
sodium anisate (4-5g.). After the hydrolysis of the condensation product, 
the alcohol was removed under reduced pressure and the residue dissolved 
in water. The dark brown solution was saturated with carbon dioxide and 
the liquid was extracted with ether exhaustively. On the removal of ether 
a pale yellow solid was obtained. It crystallised from alcohol in the form 
of pale yellow prismatic rods melting between 195-98°. A second crystalli- 
sation raised the melting point to 199-200°, with slight sintering at 195°. 
Yield: 0-45g. It dissolved in aqueous sodium hydroxide forming a pale 
yellow solution. With concentrated sulphuric acid it gave a yellow solution 
with no fluorescence. [Found: C, 63-7; H, 5:3; C,9H,,O, requires C, 
63-7 and H, 5-0%.] 


3: 5:6: 7: 4’-Penta-methoxy-flavone : Tangeretin (IV): 


The above tetramethoxy hydroxy-flavone (0-1 g.) was methylated by 
refluxing it in anhydrous acetone solution (30c.c.) with dimethyl sulphate 
(0-5c.c.) and anhydrous potassium carbonate (1-0 g.). After twelve hours, 
the solution was filtered off and the residue washed with warm acetone. On 
evaporating the filtrate, a colourless crystalline material was obtained. It 
crystallised from ethyl acetate in the form of rectangular plates melting at 
153-54° (Goldsworthy and Robinson*® also gave the melting point as 
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153-54°). It gave a blood red colour with concentrated nitric acid and a 
bright orange-yellow colour with concentrated hydrochloric acid. Yield: 
65mg. [Found: C, 64-6; H, 5-7; CupHyO, requires C, 64:5; and 
H, 5-4%.] 

3: 5:6: 7: 4'-Pentahydroxy-flavone : nor-tangeretin : 


The above tetramethoxy-6-hydroxy-flavone (0-2 g.) was treated with 
hydriodic acid (d. 1-7; 5c.c.) in acetic anhydride (3c.c.) and refluxed for 
an hour and a half. There was separation of the orange-yellow hydriodide 
within an hour which caused bumping. At the end of the reaction, the 
mixture was diluted with water and saturated with sulphur dioxide. The 
pale yellow solid was collected and crystallised twice from dilute acetic acid. 
The pentahydroxy-flavone was obtained as light yellow tiny rhombohedral 
prisms which darkened at about 275° and softened at 315-18°, but did not 
melt even at 325°. Yield: 0-1g. [Found: C, 55-8; H, 4:0. C,;H,,O,, 
H,O requires C, 56-3 and H, 3-8%.] Loss on drying in vacuo at 110-20°, 
4-8%; C,,H,,O,; H,O requires loss on drying 5-0%. [Found in the sample 
dried at 110-20°: C, 59-5: H, 3-7; C,;H9O, requires°C, 59-6 and H, 3-3%.] 
In alcoholic solution, the flavonol gave a dark olive green colour with ferric 
chloride. Lead acetate produced an orange precipitate which after some 
hours turned green. On reduction with magnesium and hydrochloric acid 
a bright pinkish red solution was obtained. 


The acetyl derivative was prepared in the usual manner by boiling nor- 
tangeretin with acetic anhydride and freshly fused sodium acetate. On 
decomposing the excess of acetic anhydride by means of water, a colouriess 
crystalline compound was obtained. It showed a tendency to decompose 
when crystallised from alcohol. It was therefore crystallised from ethyl 
acetate when it came out as thin broken plates melting at 234-35°. [Found: 
C, 58:2; H, 4°33; C,;H29O,. requires C, 58-6; and H, 3-9%.] 


3:5:7:3': 4’-Pentamethoxy-6-hydroxy-flavone (VII): 


w: 4: 6-Trimethoxy-2: 5-dihydroxy-acetophenone (VI) (1:0 g.) was con- 
densed with veratric anhydride (10-3 g), and sodium veratrate (3-0 g.) and 
the brown product hydrolysed with alcoholic potash (80 c.c.; 10%) The residue 
obtained after removing the alcohol under reduced pressure, was dissolved 
in water and the solution saturated with carbon dioxide. A dark brown 
solid was precipitated. It was filtered and when crystallised from acetic 
acid or alcohol only a brown amorphous substance could be obtained. It 
was therefore rejected. The filtrate was then extracted several times with 
ether. From the ether extract a pale yellow crystalline solid was obtained 
on evaporation to dryness. The flavonol was crystallised twice from alcohol 
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when it came out in the form of lens-shaped crystals which sintered at 200°, 
and finally melted at 208-10°. A third crystallisation from the same solvent 
gave a bright yellow crystalline substance which melted at 209-10° with slight 
sintering at 200°. Yield: 0-46g. [Found: C, 62-5; H, 5-5; CapH2»O, 
requires C, 61-9 and H, 5-2%.] The substance dissolved in alcohol and 
concentrated sulphuric acid yielding yellow solutions with no fluorescence. 


3: 5:6: 7:3’: 4’-Hexamethoxy-flavone. Hexamethyl-quercetagetin (VIII): 


This compound was obtained in the usual manner by methylating the 
6-hydroxy compound (0-1 g,) obtained in the previous experiment in an- 
hydrous acetone medium with dimethyl sulphate and anhydrous potassium 
carbonate. It separated in the form of colourless shining crystals when the 
acetone solution was evaporated to dryness. It was crystallised twice from 
alcohol and obtained as prismatic needles melting at 141-42°. The mixed 
melting point with an authentic sample of hexamethyl-quercetagetin was not 
depressed. [Found: C, 62-7, ; H, 5-6; C.,H»s.O, requires C, 62-7 and 
H, 5:°5%]. 


3:5: 6:7: 3': 4’-Hexahydroxy-flavone : Quercetagetin (IX): 


It was obtained by demethylating the pentamethoxy-6-hydroxy-flavone 
with hydriodic acid (d. 1-7) in the usual way. On saturating the solution after 
dilution with sulphur dioxide, a pale yellow compound settled down. It 
was crystallised first from alcohol and then from acetic acid. The flavonol 
was now obtained in the form of short needles and plates melting at 315- 
18° and was found to be identical with quercetagetin.® [Found in air-dried 
sample: C, 50-7; H, 4-3; C,;H, 90s, 2H,O requires C, 50-9 and H, 4-0}. 

On acetylation in the usual manner with acetic anhydride and sodium 
acetate, the acetyl derivative was obtained which on crystallisation from 
acetic acid appeared as long rectangular plates melting at 209-i0°. It was 
found to be identical with acetyl quercetagetin and it did not depress the 
melting point of an authentic sample. 


3:5:7:3': 4’: 5’-Hexamethoxy-6-hydroxy-flavone : 


The condensation of w: 4: 6-trimethoxy-2: 5-dihydroxy-acetophenone 
(VI) (1-0¢.) with O-trimethyl-gallic anhydride (10-0g.) and sodium tri- 
methy! gailate (3-0 g.) was made by heating the mixture at 180-185° under 
reduced pressure for 5 hours. In the earlier stages of the condensation the 
mixture melted and there was considerable frothing which subsided after 
about three quarters of an hour. At the end of the reaction the product was 
hydrolysed in the usual manner by refluxing with alcoholic potash (6-0 g. 
in 60 c.c.) for 20 minutes. The alcohol was removed under reduced pressure 
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and the product dissolved in water. On saturating with carbon dioxide an 
appreciable quantity of dark amorphous resin separated out. It was 
rejected as it did not yield any crystalline material even after repeated 
crystallisations. The filtrate was extracted with ether repeatedly and from 
the ether extract, a yellow solid was obtained. It crystallised from alcohol 
in the form of golden yellow large square plates melting at 193-4°. It 
dissolved in aqueous alkali forming a pale yellow solution. In concentrated 
sulphuric acid an orange-yellow solution was obtained which gave no 
fluorescence. Yield, 0-45g. [Found: C, 60-5; H, 5:6; Cy,H..O, 
requires C, 60-3 and H, 5-3%.] 


3:5:6:7:3': 4’: 5’-Heptamethoxy-flavone : 


Methylation of the flavonol (0-1 g.) obtained in the above experiment 
was effected by means of dimethyl sulphate and anhydrous potassium 
carbonate in anhydrous acetone medium. After refluxing the mixture for 
12 hours, the acetone solution was separated by filtration and the residue on 
the filter washed with warm acetone. On the removal of acetone by distilla- 
tion, a brown semi-solid was obtained which deposited colourless crystals on 
adding a few drops of water. When crystallised from alcohol it was obtained 
as flat needles melting at 150-51°. [Found: C, 61-6; H, 5:7; C..H.,O, 
requires C, 61-1 and H, 5-6%.] 


3:5:6:7:3': 4’: 5'-Hepta-hydroxy-flavone : 6-hydroxy-myricetin (XIV) : 


The demethylation of the hexamethyl ether (0-3 g.) was effected in the 
usual way by refluxing its solution in acetic anhydride with hydriodic acid 
(d, 1-7, 8-0c.c.) on an oil-bath. Within the first half hour, an orange-yellow 
crystalline solid separated out which caused occasional bumping. After 
two hours, the solution was diluted and then saturated with sulphur dioxide. 
An orange residue was obtained which crystallised from acetic acid in the 
form of elongated narrow rectangular plates. It did not melt below 325°, 
but darkened at about 315°. Yield: 0-1g. It was sparingly soluble in 
alcohol and acetic acid and gave a dark olive green colour with ferric 
chloride in alcoholic solution. In sodium hydroxide a yellow solution was 
obtained which rapidly changed to green and then to brownish yellow after 
some hours. [Found in the oven dried sample: C, 54-3; H, 3-3; C,sH,,O, 
requires C, 53-9 and H, 3-0%.] 


On acetylation with acetic anhydride and sodium acetate, the acetyl 
derivative was obtained. When it was crystallised from ethyl acetate it 
came out in the form of stout rectangular prisms melting at 248-50°. 
[Found: C, 55-6; H, 4:2; CogHOig requires C, 55-4 and H, 3-8%.]. 
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Colour Reactions in Buffer Solutions 

1. 6-Hydroxy-galangin (XIII) (3: 5:6: 7-Tetrahydroxy-flavone) : 

pH 8-6 Difficultly soluble; colour, pale yellow slowly changing to greenish 
yellow. In the course of half-an-hour the solution was green. 
After 24 hours, pale yellowish brown. 

pH 9-8 Soluble more easily than in the previous case. Bright yellow solu- 
tion, within 5 minutes greenish yellow and green in 30 minutes. 
After an hour bright green. After 24 hours pale yellowish brown. 

pH 11-0 Same as above. 


pH 12-2 Immediately bright yellow; rapidly changed into green. In a 
minute bright green. After 5 minutes green. Afterwards the 
colour became paler. After an hour, the solution was pure 
green and after 24 hours pale yellowish brown. 

pH 13-4 Bright yellow changing to green rapidly. In a minute bright 
green. After 5 minutes, bluish green slowly fading. Within 
about half-an-hour it was pale green. After 24 hours pale 
yellowish brown. 


2. Nor-tangeretin: (3:5:6 : 7: 4'-pentahydroxy-flavone) :* 


pH 8-6 Sparingly soluble, colour pale yellow turning green, within 15 
minutes deep green. Afterwards the colour began to fade 
with simultaneous development of brown colour. After 24 
hours, pale brown. 

pH 9-8 Rapidly went into solution with deep yellow colour turning within 
two minutes greenish yellow. Deep green after ten minutes 
and then began to fade. After 24 hours pale brown. 

pH 11-0 Deep yellow, fast changing to greenish yellow. In a few minutes 
deep green. After about ten minutes the colour began to fade 
while turning brown. After an hour, brownish green. After 
24 hours pale brown. 

pH 12:2 Same as above but the colour changes were more rapid and within 


fifteen minutes the solution became almost colourless and did not 
change even after 24 hours. 


3. 6-Hydroxy-myricetin (XIV) (3:5: 6:7: 3': 4’: 5'-~Hepta-hydroxy-flavone) : 
pH 8-6 Bright yellow solution rapidly changing into green. Within 2 
minutes yellowish green. After 5 minutes turning brown and 


10 minutes yellowish brown. Nochange after an hour. After 
24 hours, reddish brown. 
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In the course of 5 minutes, the solution rapidly changed through 
greenish yellow to brown which did not change appreciably 
afterwards. After 24 hours, reddish brown. 

pH 11-0 Same as above. 

pH 11-6 Same as above. 

pH 12:2 Deep yellow rapidly turning green and within a minute deep 

, bluish green. In another minute, violet brown. After five 7 
minutes it became brown. After half-an-hour, reddish brown | 
which practically remained unchanged even after 24 hours. 

pH 12-8 Same as above without much difference. S 

pH 13:4 Same as above but the solution did not become bluish green © 

but changed rapidly in the course of a minute from yellow, ~ 

through green to brown. After 24 hours, it was reddish yellow. 

A similar study of quercetagetin has already been recorded.® The 

initial colour in all these cases is yellow turning to green as the most promi- 

nent colour which finally yields place to brown. With the increasing number 

of hydroxyls in the side-phenyl nucleus the green has a tendency to become 

deeper and assume a bluish tinge and the final colour changes from yellowish 

brown through brown to reddish brown. The brown colour is most prominent 
in the highest member. 
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SUMMARY 

A new and convenient synthesis of the flavonols of the quercetagetin series 
is described. w:4:6-Trimethoxy-phloro-acetophenone has been prepared 
by two independent methods. By persulphate oxidation it is converted into 
the 2:5-dihydroxy compound. Allan-Robinson condensation employing 
this ketone yields products containing a hydroxyl group in the 6-position. 
Subsequent demethylation and methylation yields the flavonols and their 
fully methylated ethers. Besides quercetagetin and tangeretin which occur 
in nature, 6-hydroxy galangin and 6-hydroxy myricetin which have not yet 
been discovered in natural products, have also been synthesised. 
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line 5 for Tripath read Tripathi 
line 4 = The® o sae 
line 3 after the Heilbron. ,, Heilbron.® 
Table 
line 9 Miller 7. Miller 
line 10 Heilbron 8. Heilbron 
Back cover, Contents line 18 Tripath Tripathi 





